AbstractSouthern Bali, a tourism center of Indonesia, has been rapidly developed. Unfortunately, the development is not followed simultaneously by the development of adequate transportation network, as a result, traffic congestion are inevitably occurred along every urban road in the district. Therefore integrated development and regional transport planning therefore, is urgently required. In this study, trip generation is determined using Category Analysis. It is Figured out from the household based interview that Denpasar Barat zones are found to have the largest trip generation while Pecatu zones are found to be the smallest. Most of the household trips generated use private vehicles (94.95%) and the rest uses public transport. This also indicates that public transport services in Southern Bali still need to be developed.
Determining the Characteristics of Trips Generated on Southern Bali using Category Analysis I. INTRODUCTION 8 evelopments of urban areas and the centers of activity per se cause various forms of land conversion of natural lands into built areas that may be vertically, horizontally or a combination thereof. The development is closely associated with geographic boundaries, the trend of community economic development and also local government policies. The increased intensity of built-areas inevitably increases the trip production and attraction from/to the region. Transportation analysis on built areas is very important, because its trip generation causes various forms of congestions, which are becoming more frequent.
On the other hand, several influential transport factors also need to be considered, such as road-class and its quality, existing traffic conditions, side frictions due to the development of road frontage areas, the level of accessibility and the applied transportation system. It could be argued that both "land-use and transport systems" must support each other in an integrated development planning.
Similarly, in Southern of Bali, the need to plan integrated system "Regional Land-use Development and Transport network" is very urgent. This is because of the existence of Southern Bali as a center of tourism activities in Indonesia, as well as the frequent occurrence of congestion in nearly all urban road network. In various studies on the interaction of Land Uses (LU) and Transportation (Network) systems, "Model 4 stages transport planning" is often applied to solving traffic problems, because of its simplicity and ability to describe the various interactions between the characteristics of transport and spatial development in the study area [1] . In four-stages urban model, trip generation is the first stage followed by trip distribution, modal split and traffic assignment. In this study, it will be investigated merely trip generation using Category Analysis. This household-based model is easily applied, especially for wide areas, without interruption of weather problems. In addition, this model uses only descriptive statistic calculations.
The position of trip generation model within the classical four-stages models and their influential factors is shown in Figure 1 . Trip generation is a key stage in "the classical 4 stages of transportation planning" and its purpose is to estimate the number of trips generated from a land-use activity zone. Trip generation seeks to define the numbers of trips which start (origin) at one zone and finish (destination) at another [2] . This estimation answers the question of how many trips are likely to be made from each zone to every other zone.
Factors that affect zonal trip generation could be: (a) personal trip production, based on per-capita income, car ownership, household structure, family size, value of land, residential density and accessibility; or (b) personal trip attraction, based on roofed space of industrial, commercial and other services [3] . On the other hand, in disaggregated planning studies, the D analysis of trip generation focuses on the behavior of individual units instead of collective zones.
In specific cases, other factors also affect zonal generated trips in relating to price which is called conditions of demand. These will determine the demand for a product at any given price i.e. the price of other goods and services, taste and fashion, the distribution of income and population [4] . Moreover, in industrial areas, the freight generated trips are still significant, especially in terms of their contribution to congestion. Its amount of 20% of all journeys depends on the important industrial variables including numbers of employees, total amount of sales, roofed area of the firm and total floor space [3] .
In terms of trip generation, if factors of socio-economic communities can be predicted, then the trips generated can also be predicted for certain transportation system conditions [5] . Based on an experience, it is also found that travel-based models were easier to be estimated on the household-based, both with multivariable regression and analysis of category, with variables such as income, household size, number of employees, ownership of vehicles, distance to the center city and social status [6] . Briefly, the analysis of category maybe based on the merely cross-classification of income, vehicle ownership and household structure [7] .
Based on the previous experience, it is suggested that the questionnaire method is the most appropriate method to obtain the trip generation over a wide area. This is caused by a relatively small error, representative and not affected by weather [8] . Similarly, studies show that the passages of the households in developing countries show a great interest to share travel among household members, so that household-based data become very important [10] . Household based model has also been considered as a standard practice to reduce the statistical problems.
With respect to theory of planning, some techniques for Evaluating trip generation can be divided into 3 (three) broad classes according to their modeling concepts [9] . These are:
(1) Simplified techniques, (2) The Urban Transportation Modeling System (UTMS), and (3) Individual choice models. Theory of Category Analysis is one of the Urban Transportation Modeling System (UTMS) used to predict the number of trips generated for different trippurposes within a zone. In summary in the category analysis, the model can be described as follows:
Zonal Trip Generation (TG) = function of (trip generation variables)
(1) On the other hand, Model Category Analysis has three main drawbacks, as indicated [8] , namely: (a) the model is less flexible with change in household structure; (b) it is difficult to get the best category and there is no test to the quality of the results obtained; and (c) the data required is relatively large. Thus, this method cannot explain the results obtained. For prediction, this model also requires input data on a regular basis and extrapolation variables may be done with different consideration on the categorization of the household.
II. METHOD
In this study, the characteristics of population trip generation in Southern Bali were investigated using the household-based survey. Study area was divided into 18 zones that are separated by administrative boundaries, as shown in Figure 2 .
With regard to the Household interview performed, the Household is defined as a person or a group of person, including servants and visitors who live together and become one unit kitchen (catering). The purpose of Household-based surveys is solely to get the data characteristics of the family including daily trip generation. Subsequently, this questionnaire is used to obtain zonal trip generation for the existing development scenario in 2010 for the whole regional areas in Southern Bali.
Based on the research objectives, two categories of data should be collected in this interview include: a. Household characteristics, including: the number of members in family (family size), the number of vehicle ownership (car ownership) and expenditures as a representative of the family income, and b. Information about a journey undertaken (the trips have been made) by the average family per day, trippurposes and trip origin-destination. The advantages of Household interview are the percentage of the sample household, the total number of household trips on each zone and all modes performed could be predicted. On the other hand, the trip origindestinations in the zone or within the sub-region or outside the study area could also be known by certainty.
In order to apply the formula of zonal trip generation, the number of households in each trip category is required and also the level of "Trip Rate" on each classification variable that was applied in the Category Analysis. Figure 3 describes three variables used, such as family size, family income and vehicle ownership, which in turn each variable can be divided into three classes so that the overall household can be classified into 27 categories of households.
Formula of Zonal Trip Generation (TG) = f (trip generation variables: family size, vehicle ownership and family income) could be replaced with the following equation:
where, TG : total trip generations per zone,
: number of households per category "i" T x (i), T y (i), T z (i) : trip-rates per household category "i".
These trip-rates are related to the variables used and estimated from a local home-based interview survey.
III. RESULTS AND DISCUSSIONS
In 2010, the total population in Southern Bali which consists of 18 zones is 1,466,807 people (41.54% of the population of the island of Bali). Some of 685,504 people (46.7%) live in Denpasar. The average population density of Southern Bali is 2,023 people/km 2 for the total not developed and built areas of 724.89 km 2 . Meanwhile, the average population density of Southern Bali is 6,850 Based on the number of population in the study area, the number of households sample in accordance with the requirement of minimum sample [11] , should be 1% or 3.752 samples. But in the implementation of the survey, the total samples collected were 1,414 household-based samples. So, by using the formula of [12] such as that given in the Traffic Appraisal Manual (TAM):
where, n = required sample size; N = total number of households in the study area; E = the required accuracy, expressed as a number of households; t = level of confidence; and P = proportion of households with the attributes of interest. The level of confidence of the data obtained is 85.5%. Distribution of samples in every zone and the categorization of the household can be seen in Table 1 , below.
Several important points may be explained by using the tendency of household characteristics observed in 2010. The size of the average household in the Southern Bali is 49.1% consisting of 4 persons or more. One third (29.0%) of the total households has exactly four members, which is the family-size recommended by the government of Indonesia, while the rest (21.9%) of households consist of 3 persons or less.
Another aspect obtained was the use of public transport that is not so popular, especially when compared with another personal mode (the ownership of vehicles per household). 42.1% of households have less than two motor-vehicles. Furthermore, 29.2% of the households have two vehicles and the remaining (28.7%) of total households owned 3 or more motor vehicles. From these data, it can be said that almost 60% of the households have two or more motor vehicles.
In terms of revenue, 36.6% of the households has an income per capita per year less than Rp.1.8 million. The relatively same percentage (34.2%) of households has an annual per capita income ranges between Rp. 1.8 million to Rp. 3.6 million and the remainder (29.2%) of the households receives more than Rp. 3.6 million per capita per year.
Other point is that 11.4% of the total households still live under the poverty line according to the recommended standard of the World Bank, which is set at Rp.1.0 million per capita per year. In addition, the data obtained also illustrate that the households in Denpasar and Kuta have not shown a higher income compared with the other zones, although there is much more concentrated infrastructure development in Denpasar and Kuta.
Considering that method, each household classification represents all variable-characteristics that are used to describe the number of trips generated by households in the zone. Furthermore, using Equation 2, the characteristic of total trips generated for each zone can be determined as shown in Table 2 .
Based on the results above, the zone of Denpasar Barat has the largest zonal trip generation i.e. 233.395 persontrips/day while the smallest is in the zone of Pecatu 2.418 person-trips/day. Several important points that should be highlighted in the daily commute of households is that the domestic industry zones (Mengwi and Sukawati) which have a relatively small trips, because most of their inhabitants usually work in their own zones/houses. Meanwhile, the zones producing daily commuters to and from Denpasar (e.g.: Abiansemal and Tabanan zones) have higher trips generated. However, a great journey is generally performed by residents who live in urban areas (Denpasar and Kuta), where the accessibility and various kinds of entertainment are more easily obtained. Pecatu zone, which is the most natural and undeveloped zone compared to the other zones, has a quite high daily commuter. The reason is probably due to people who have to move from their zone to fulfill and satisfy their daily needs.
Data of trip-modes resulting from the interview showed that the composition of individual modes is very high and nearly 50% of trips uses mode of motorcycles. The detail calculation of the overall composition of trip modes in the region of Southern Bali was shown in Table  3 .
Refer to the percentage in the calculation of Table 3 , the household trip generation always use private vehicles (94.95%) in every zone. While the rest (5.05%) uses public transport, including taxis. In terms of public perception, those results indicate a very clear indicator that the private vehicles owned by residents in Southern Bali is still considered as the best alternative. For this reason, the increase of Public Transport Services still has a large opportunity and prospect in anticipating of the generated daily trips. In addition, the transfer of personal modes to the Public Transport can also be viewed as one of the best alternatives to divert 'drastic increase' of the volume of private vehicles. This policy could solve some problems in traffic congestion and could improve the efficiency of the transportation system. These data composition of Trip-Modes in the study areas however, did not necessarily reflect the modal-split on a particular road segment in the Southern Bali. This is because the distribution of modes of travel on a specific road segment accumulated from many trip-modes factors, such as level of service of public transport, private vehicle ownership, trip-distance and the roadgeographical position relative to the origin-destination of journey in Southern Bali.
In the meantime, the high proportion of private vehicle ownerships reflected the low level of public transport services, for example, high fare, inaccessible, and unreliable (in terms of time and schedule). In addition, a motorcycle is very easy to own for middle and low income people due to the low credit requirements. Consequently, motorcycle ownerships are very high in Southern Bali.
IV. CONCLUSION
Denpasar Barat and Pecatu zones have the largest and the lowest zonal generated trips respectively. In addition, the famous domestic industry zones, i.e. Mengwi and Sukawati have the lowest level of trips compared to other zones. This indicates that the generated trips in this zone are relatively lower compared to those zones of major tourist destinations, i.e, Ubud, Gianyar and Benoa. Pecatu zone however, which is the most barren areas, natural and undeveloped has an individual high daily trip rate. This is because people in that region are not able to fulfill their lives in their own zone and have to work in other zones. In contrast, zones with daily commuting workers to and from Denpasar (such as Abiansemal and Tabanan zones) produce the highest level of travel.
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